The existing literature on environmental Kuznets curve (EKC) is mainly focused on finding out the optimal sustainable path for any economy. Looking at the present renewable energy generation scenario in India, this study has made an attempt to estimate the EKC for CO2 emission in India for the period of 1971-2015. Using unit root test with multiple structural breaks and autoregressive distributed lag (ARDL) approach to cointegration, this study has found the evidence of inverted U-shaped EKC for India, with the turnaround point at USD 2937.77. The renewable energy has found to have significant negative impact on CO2 emissions, whereas for overall energy consumption, the long run elasticity is found to be higher than short run elasticity.
Introduction
When an economy starts moving along the growth trajectory, then at the earliest stage of economic growth, environment deteriorates rapidly due to ambient air pollution, deforestation, soil and water contamination, and several other factors. With rise in the level of income, when economy starts to develop, the pace of deterioration slows down, and at a particular level of income, environmental degradation starts to come down and environmental quality improves.
This hypothesized association between environmental degradation and income takes an inverted U-shaped form. This phenomenon is referred to as Environmental Kuznets Curve (EKC) hypothesis in the existing literature of environmental economics, named after Simon Kuznets [1] , who described the inverted U-curve association between income inequality and stages of economic development. Grossman and Krueger [2] later found its resemblance with Kuznets' inverted U-curve relationship while establishing a relationship between pollution and economic growth in the context of North American Free Trade Agreement (NAFTA).
After Bharatiya Janata Party came into power, India has experienced a governmentdriven renewable energy generation impetus. As on 2015, India has 44,783.33 MW installed renewable energy generation capacity, and it is expected to reach 175,000.00 MW is 2022. 1 Across all the countries in the world, India is the first country in the world to set up a ministry for new and renewable energy, and it signifies the growth potential of renewable energy generation in India. Looking at the renewable energy generation perspective, India ranks 5 th (after the US, China, Germany, and Spain). India needs to boost up the renewable energy sector, as environmental degradation due to air pollution is turning out to be a grave problem in India.
By far, fossil fuel-based energy has been the major driver of economic growth in India, and in this process, a large amount of ambient air pollution is taking place. As far carbon dioxide (CO2) emission is considered, India ranks 3 rd in the world (after China and the US). With the rise in economic growth, demand of energy is likely to rise in coming years, and this demand is both household and industrial. Therefore, from ecological perspective, India is a very critical context, where both environmental degradation problem and the policy level remedies are coexisting.
Keeping up with this discussion, it is imperative to estimate a new EKC for CO2 emissions in India and to investigate the role of renewable energy to be played in the newly found EKC.
In this study, we have analyzed the CO2 emission data for India during 1971-2015. In EKC hypothesis, economic growth has been taken as the explanatory variable for environmental degradation, and economic growth has been parameterized in several ways in the existing literature. It has been primarily indicated as growth in per capita income and apart from income, this study has also taken trade volume and total factor productivity as two other explanatory variables. In order to investigate the possible impact of renewable energy generation on the nature of EKC for India, we have included renewable energy generation in our model.
In methodological terms, this study employs Autoregressive Distributed Lag (ARDL)
bounds test on parameters validated by unit root tests with structural breaks. In most of the existing studies, this issue has been ignored and this study has tried to address this issue, before coming to a conclusion regarding the order of integration of the variables, which is a precursor of ARDL bounds test. Apart from this, the present study has also considered the methodological issues raised by Stern [3] , while estimating the EKC in any context, e.g., serial dependence, stochastic trends in the time series, and omitted variable bias. Therefore, this study has a contribution in terms of methodological adaptation, as well.
The rest of the paper is distributed as per the following: section 2 describes the literature review, section 3 discusses the data and methodology, section 4 analyzes the results, and section 5 concludes the paper.
Literature review
The volume of literature on EKC hypothesis is quite extensive, starting with the seminal work of Grossman and Krueger [2] . In their work, they discovered an inverted U-shaped association between economic growth and environmental quality, while finding out the impact of North American Free Trade Agreement (NAFTA) on environment. Subsequent to this work, an extensive volume of empirical studies has been carried out on EKC estimation. Over the years, with the advancements in econometric tools and techniques, this hypothesis has been tested (a)
for several pollutants and ecologically harmful substances, (b) from various perspectives and contexts, and (c) with numerous explanatory variables. Therefore, categorization of these studies can be done on the basis of the pollutants and contexts. As we are concerned about the EKC estimation of CO2 emission in this study, we will try to limit our discussion around the studies on the EKC estimation for CO2 emission only.
While studies on the EKC estimation for CO2 emissions have largely focused on the fossil fuel energy consumption as an explanatory variable, the recent literature in energy economics has been advocating the incorporation of renewable energy consumption. One of the earliest EKC studies on CO2 emissions to consider renewable energy consumption in the empirical framework was carried out by Richmond and Kaufmann [4] . The study was carried out for 36 countries over the period of 1973-1997, and the EKC was found to be inverted U-shaped, with the turnaround points between $29,687 and $110,599. Subsequent to this study, a number of studies started considering renewable energy consumption within the empirical framework of EKC. Iwata et al. [5] carried out the EKC estimation study for 28 If we look at the empirical evidences of EKCs with renewable energy consumption within the framework, then we can see that the studies have largely focused on the emerging or developing economies. In this study, we are focusing on the Indian context, and therefore, choice of this explanatory variable complies with the chosen context. As India is an emerging economy, and it is on the trajectory of shifting the fuel mix from non-renewable to renewable, therefore, it is necessary to incorporate renewable energy consumption within the empirical framework of EKC, and to assess its impact on CO2 emissions being produced out of the production process.
Methodology

Model building and data
For analytical purpose, this study has employed a reduced form model, which is used to estimate the existence of EKC hypothesis in Indian context. In this model, we have incorporated the renewable energy consumption for capturing its effect on environmental quality in India.
Over last few decades, the share of renewable energy consumption in the total energy mix in India has been going up gradually, and as on 2015, the share of renewable energy consumption is more than 40 percent of total energy consumption. Therefore, the rising dependence on renewable energy sources is bringing forth a structural change in the tradition fossil fuel based energy mix, and it is expected to have a significant impact on environmental quality of India.
Based on this logic, our estimation model can be designed as per the following:
Where, C denotes CO2 emission, Y denotes per capita GDP, REN denotes per capita renewable energy generation, and є is the standard error term. Now, our model is founded on two equations. Let us begin with the first equation. Eq. (1) has been derived based on the generalized EKC framework provided by Panayotou [18] , which used the squared income as an explanatory variable for emissions, and also made the provision for other exogenous variables. This equation can elucidate about different forms of EKC, based on the coefficients of income.
(a) β1 = β2 = 0 signifies that income has no effect on environmental quality, (b) β1 > 0 and β2 = 0 signifies that income has linearly increasing and positive effect on emission, (c) β1 < 0 and β2 = 0 signifies that income has linearly decreasing and negative effect on emission, (d) β2 < 0 signifies that the income-emissions association takes the inverted U-shaped form, and (e) β2 > 0 signifies that the income-emissions association takes the U-shaped form.
Out of these five scenarios, the generally accepted form of EKC can be achieved in the fourth scenario. In this case, the EKC is expected to arrive at a turnaround point, and this is the level of economic growth, at which the environmental quality start to improve. Now, in order to compute income elasticity of environmental quality, we have adopted the model suggested by Narayan and Narayan [19] and Shahbaz et al. [20] , and its functional form is given in Eq.
(2). The expected positive effect of renewable energy consumption on environmental quality can be seen if the sign of δ is negative, and income elasticity of emissions is less for long run estimation, compared to that of the short run estimation.
Among several issues in EKC estimation, Stern [3] has identified the major ones, and one of those problems is the possibility of omitted variable bias. Along with this issue, Akbostancı et al. [21] also specified that an EKC model must address the scale effect, composition effect and technique effect, which were originally brought into the literature of environmental economics by Grossman and Krueger [2] . In order to address these effects, we have incorporated per capita energy consumption (EC), volume of foreign trade (TRADE), and total factor productivity (TFP) in our model. Energy consumption stimulates economic growth by catalyzing the production process, and the process itself generates large amount of emission 
ARDL bounds testing of cointegration
For estimating the association between income and environmental quality, we have made use of ARDL bounds testing approach ( [25] ). One of the major advantages of this approach is that, this method is capable of handling the endogeneity issue, which has been identified by Stern [3] . Apart from that, this method is capable of handling small sample size, and in the present study, the sample size is only 45. While estimating the association between income and environmental quality, we need to estimate the long run and short run association, and using ARDL, we can estimate both of the associations simultaneously.
For estimating the cointegration between the considered variables, we will first estimate the Eq. (3).
Where, β are the short run coefficients and α are long run coefficients. The tests of cointegration are carried out by testing the join significance of the variables using Wald statistic. For testing the significance of the associations, we have used the critical values of F-statistics derived by Narayan [26] , which are effective for small samples ( [16] ). The values are segregated by the nature of integration between the variables, i.e. the critical values are provided for I(0) and I(1).
If the computed F-statistics fall below the lower bound or above the upper bound of the critical values, then the null hypothesis of no cointegration can be rejected. However, if the value falls between the bounds, then no results regarding the cointegration can be determined. If cointegration exists between variables, then the problem of multicollinearity can be overlooked (see [27] , [28] , [29] ). Now, in order to proceed with the model, we need to choose the lag length for each of the variables. For choosing the optimum lag lengths, we have used Akaike Information Criterion Once the cointegrating associations among the variables are found, we have estimated the long run model using the following equation:
After estimating Eq. (4), we have estimated the short run model:
In Eq. (5), ø is the parameter indicating speed of adjustment, and ECTt-1 is the lagged error correction term. Value of this error correction term is expected to be negative and significant.
Once the models are estimated, we have run a series of diagnostic tests, i.e. for checking serial correlation, normal distribution, heteroscedasticity, and goodness-of-fit. Finally, the cumulative sum (CUSUM) and cumulative sum of squares (CUSUMSQ) have been estimated for checking the stability of the model.
Analysis of results
We have started testing the model using the unit root tests, as it is important to know the order of integration of the variables. In order to carry out the ARDL bounds test, it is necessary that the variables should be integrated to order zero or one, i.e. I(0) or I(1), and they should not be integrated to order two, i.e. I (2) . For checking the order of integration, we have applied Table-1 and Table- 2. It shows that the variables do not demonstrate the presence of unit roots after their first differences. Therefore, it can be concluded that the variables are integrated to order one, i.e. they are I(1) in nature.
<Insert Table 1 here> <Insert Table 2 here>
Once the order of integration among the variables were found to be one, the cointegration using ARDL bounds test can be applied on Eq. (3). Estimation of long run association is carried out for both linear and the quadratic models. For both the cases, first energy consumption and trade are controlled, and then energy consumption, trade, and total factor productivity are controlled. Therefore, we will actually proceed with the estimation of four cases.
However, before proceeding with the ARDL bounds test, we need to determine the optimum lag length for each of the variables, and in order to achieve this, we have used AIC and SBC values. <Insert Table 3 here>
Once the ARDL specifications for all the four cases are found, we can proceed with the ARDL bounds test for cointegration. The results are recorded in Table-4 . It is evident from the results that the computed F-statistics exceed the 10 percent upper bounds of the critical values.
Therefore, we may conclude that there is cointegrating relationship among the variables.
<Insert Table 4 here>
Once we have found the evidence for cointegration, now we can proceed with estimating the long run and short run coefficients using Eq. (4) and (5) . The results are recorded in Table-5 and 6. We will start our discussion with the linear model. For linear model, we have estimated two cases, i.e. case I and II. For both the cases, the coefficients of the variables are having the expected signs. The coefficients of Y and ∆Y are positive and significant, and it implies that rise in income eventually leads to rise in CO2 emissions. Moving to the elasticity analysis of income, we can see that the long run income elasticity of CO2 emissions has been reduced to 0.127 from the short run income elasticity of CO2 emissions of 0.240 in case I, and from 0.174 to 0.128 in Case II. Our results contradict the findings of an earlier study by Ghosh [34] in terms of acknowledging the possibility of long run income elasticity of CO2 emissions, which was covertly mentioned by Ahmad et al. [35] . However, limitations of both these studies were that these studies did not consider the influence of renewable energy aspects within their energygrowth-emission framework. This is an indication that the economic growth trajectory being attained by India is gradually moving toward ecological sustainability. The income generation process is gradually shifting their source from fossil fuel based energy consumption to clean energy consumption, and therefore, the long run income elasticity of CO2 emissions is turning out to be lower compared to short run income elasticity of CO2 emissions.
<Insert Table 5 here> <Insert Table 6 here>
One of the major findings of this study is discovering the impact of renewable energy generation on CO2 emissions. The long run and short run elasticities for both case I and II are negative, and it should also be observed that the long run elasticities are higher than the short run elasticities. This result is in the similar lines with the findings of Tiwari [36] . For the contexts other than India, this result is supported by Lund and Mathiesen [37] for Denmark, and Sugiawan and Managi [16] for Indonesia. The higher long run elasticity in this case indicates that environmental benefits of renewable energy generation will be achieved in the long run, and it might not be a temporary phenomenon. However, this value of elasticity needs to be assessed on a comparative basis, as the elasticity of income and energy consumption is higher than that of renewable energy generation. This signifies the negative environmental consequences of economic growth and energy consumption will surpass the environmental benefits of renewable energy generation. Therefore, in order to obtain the benefits of renewable energy generation, a threshold level of income must be achieved, which was indicated by Ghosh [34] and Ahmad et al. [35] . When this segment of result is coupled with the elasticity of income, then the arguments are further validated. This particular section of results indicates the need of EKC estimation for India using renewable energy generation, and that validates the need of our quadratic model.
The results for EC and ∆EC fall in the similar lines with the existing studies ( [38] , [39] , [40] , [41] , [42] , [43] ), which indicate that the energy consumption pattern in India eventually gives rise to CO2 emissions. For both case I and II, the long run elasticity is higher than the short run elasticity, which indicates the lack of efficient energy systems in India. In case II, the long run and short run elasticities for TFP and ∆TFP are positive. This indicates that India still lacks energy efficient technologies in production process. Whereas most of the researchers are of the opinion that the technological advancement can possibly bring forth positive environmental effects ( [44] , [3] , [45] ), our results contradict the earlier findings, at least in Indian context. Introduction of TFP in case IV can possibly cause the problem of multicolinearity in the model, as it has already indicated by Narayan and Narayan [19] . The long run coefficients of case III provides us with an inverted U-shaped association between income and CO2 emissions, and it is the generally accepted form of EKC. The turnaround point in this case is estimated to be USD 2937.77. 2 This value of income lies outside the sample, as the highest per capita GDP of the sample is USD 1581.59. This is a case for an emerging economy, where the renewable energy generation has not yet reached the full potential, and the energy efficient technologies are yet to gain prominence in the economic system ( [46] ). Therefore, the possibility of the turnaround point outside the sample space cannot be disregarded.
Another observation regarding the short run estimates recorded in reinstates the existence of cointegration among the variables. The absolute values of the error correction terms indicate the speed of adjustment in presence of any shocks to the equilibrium.
Finally, we have run a series of diagnostic tests, and the results of these tests are recorded
in Table- 5. The results show that the results are free from serial correlation, non-normality and heteroscedasticity, and all the models are stable. As both the linear and quadratic forms are perfectly estimated and both of the forms are free from errors, then we will select the quadratic model over the linear model, as it will be more parsimonious. To conclude the study, we have employed the CUSUM and CUSUMSQ tests, and the results are recorded in Figure-1 . The results show that the plots are within 5 percent critical bounds, and it signifies that the models are stable over the study period.
<Insert Figure 1 here>
Now, if we put all the segments of results together, then the present situation regarding economic growth, CO2 emissions, renewable and non-renewable energy consumption and trade comes out to be clearer. India is presently shifting the energy source from fossil fuel based sources to renewable energy sources, and this shift has a significant impact on economic growth.
Though the lower long run income elasticity of CO2 emissions show that economic growth pattern is gradually turning out to be ecologically sustainable, a complete phase out of fossil fuel based energy sources can have a negative impact on economic growth. However, this gradual shift of energy sources can be visible from the lower long run fossil fuel energy elasticity of CO2 emissions, especially when the model includes total factor productivity. This shift will require technology transfer, and that can take place by means of international trade. This is elucidated by the higher long run trade elasticity of CO2 emissions. Despite all of these aspects in place, CO2 emissions in India are still above the permissible level, and this is depicted by the turnaround point of EKC to be outside the sample space.
Conclusion and policy implications
The objective of this study is to estimate the EKC for CO2 emissions in India for the period of 1971-2015, and to investigate about the impact of renewable energy on the EKC. The empirical framework also included trade, total factor productivity, and energy consumption.
These three explanatory variables were considered for introducing the scale effect, composition effect, and technique effect in the model, and to address the omitted variable bias, at the same time. By far, in the EKC literature, this has been the first study, which has used the unit root test with multiple structural breaks, and addressed three the major methodological concerns indicated by earlier researchers.
Going by the derived results, we can find the evidence of EKC for CO2 emissions in India. For the linear estimation model, the income-emission association was found to be positive.
However, the long run elasticity was found to be decreasing. The quadratic estimation model showed the evidence of EKC hypothesis, and the turnaround point for India was found to be at USD 2937.77, which is outside the sample space. For both linear and the quadratic models, the renewable energy generation was found to have significant and negative effect on CO2 emission, for both long run and short run scenarios. Though the positive impact of total factor productivity on CO2 emissions was not found to be significant throughout, trade volume clearly has a negative and significant impact on CO2 emissions.
As implementation of renewable energy is an expensive measure, it is never advisable to shift the energy source completely within a short duration, as it might cause harm to the economic growth. The government might take a phase-wise shift from non-renewable to renewable energy sources, which both household and industry can obtain by taking advances from the government. The rate of interests for these advances should be discriminatory, i.e. the rate of interest for rural households should be the lowest, and for industry, it should be the highest. The interest income obtained from urban households and industries can be utilized to subsidize the renewable energy sources for the rural households, and during a later stage, utilizing the accumulated income, government can implement renewable energy sources across the country. In this way, the exogenously supported economic growth via international trade can be reduced, and in this way, not only CO2 emissions can be reduced without harming the course of economic growth, but also the endogenous generation of renewable energy can enhance the total factor productivity, thereby, adding to the reduction in CO2 emissions. Apart from providing subsidies on tariffs, if the government provides discriminant subsidized advances, then the EKC can be flattened, and the turnaround point might come within the sample space.
We can conclude that based on our results and looking at the present developments in alternate energy discovery process in India, the turnaround point, which have not been achieved within the study period of 1971-2015, may possibly be achieved in the later stages of 2016-2017.
However, in our study, we refrained to consider a variety of social variables, as our intention was to investigate whether any turnaround point exists for India, or not. Further study on this aspect can be taken up considering those variables and the economy-wide policy developments as well.
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